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Sulphate reducing bacteria and hydrogen metabolism in the human large intestine
One of the main functions of the large intestine is to salvage energy from dietary carbohydrate which has neither been digested nor absorbed in the small intestine. This occurs through a process known as fermentation in which anaerobic bacteria breakdown carbohydrate to short chain fatty acids (SCFA), which in turn provide energy for the host. The major carbohydrates available for fermentation are resistant starches, non-starch polysaccharides (dietary fibre), and a variety of unabsorbed sugars and oligosaccharides. Other substances can also be fermented, including dietary proteins and host derived substrates such as pancreatic enzymes, mucus, and sloughed epithelial cells. ' The fermentation of organic matter by gut microorgamisms is mediated by a number of interdependent reactions in which complex polymers are first broken down to their constituent monomers by hydrolytic enzymes synthesised by the bacteria. They are subsequently oxidised to SCFA, lactate, succinate, ethanol, and the gases H2 and CO2.' In some people, methane is also produced.2 Fermentation is regulated by the amount of substrate available and its chemical composition, the substrate specificities and preferences of the bacterial species present and the metabolic pathways through which they metabolise the substrate.3 Host factors such as transit time may also play a part.
Hydrogen is an important product of fermentation and is primarily formed by bacteria as a 'sink' for the disposal of reducing power (electrons) generated during oxidation of sugars and amino acids. In mammalian cells, oxygen is used as the terminal electron acceptor and reducing power is disposed of in the form of H20, this is not possible, however, in anaerobic metabolism. For example, some bacteria form ethanol, lactate, or succinate and do not evolve much H2 because they dispose of reducing energy in these electron sink products.4
Hydrogen formation results principally from the oxidation of pyruvate, formate, or reduced pyridine nucleotides (NADH+, FADH+). Moreover, many clostridia generate H2 from pyruvate via ferredoxin, whereas enterobacteria evolve the gas through cleavage of pyruvate by pyruvate formate lyase. The formate produced is then converted to CO2 and H2. The partial pressure of H2 has no effect on its production from pyruvate, but accumulation of the gas inhibits formation from the oxidation of pyridine nucleotides. Since the regeneration of oxidised pyridine nucleotides through H2 production enables increased substrate level phosphorylation to occur, an efficient H2 removal may be a contributing factor in maintaining the fermentation balance in the colon. Hydrogen For sulphate reducing bacteria to outcompete methanogenic bacteria for H2 in the colon, there must be an adequate supply of sulphate. Studies of sulphate absorption using ileostomists have indicated that concentrations of this anion can vary considerably in diet and that amounts reaching the colon may range from 2 to 9 mmol.day-. 34 Other potential sources exist, including highly sulphated polysaccharides such as chondroitin sulphate.3536 Colonic mucins are also highly sulphated, more so in fact than mucins produced elsewhere in the gastrointestinal tract.3738 There are many species of bacteria in the colon including clostridia, bifidobacteria, and bacteria of the Bacteroidesfragilis group that are able to degrade these substances and thereby release free sulphate315 which would then become available for utilisation by sulphate reducing bacteria. If this is indeed the case, then the amount of sulphated glycoprotein produced by the host, its degree of sulphation, and the activities of the hydrolytic bacteria involved in releasing free sulphate from these polymers, would all influence sulphate reducing bacterial growth. Because mucin structure and production varies between individuals, there may possibly be a genetic predisposition to the acquisition of sulphate reducing bacteria.
Another pathway of H2 disposal is by the activities of acetogenic bacteria, which also grow in the colon. Species that reduce CO2 with H2 do so according to the following equation": 4H2+2CO2-)CH3COO +H++ 2H20 Acetate production from CO2 occurs in the rat caecum4 and in the gut of termites.47 Significant acetate production as a result of H2 dependent CO2 reduction has also been reported in human faeces in the absence of methanogenesis. 48 In terms of energy, however, H2/C02 acetogenesis, with a free energy change of -95 kJ per mol," is considerably less efficient than either dissimilatory sulphate reduction or methanogenesis, and in most anaerobic ecosystems, hydrogen metabolism1 is dominated by one or other of these processes. 58 Thus the removal of H2 in the large gut may follow a number of pathways. It is clear from studies in man that either methanogenesis or dissimilatory sulphate reduction predominate in some populations. Because of the known toxicity of sulphide in the gut we suggest that the role of sulphate reducing bacteria in the pathogenesis of colonic disease warrants further investigation. 
